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THREE DIMIENSIONAL ROUTING 

REFERENCE TO RELATED APPLICATIONS 

The present patent application is related to the copending 
patent applications filed on the same date, Ser. No. 13/278, 
499, entitled “REIMAGING BASED ON DEPTHMAP 
INFORMATION, and Ser. No. 13/278,512, entitled 
DEPTH CURSOR AND DEPTH MEASUREMENT IN 
IMAGES, the entire disclosures of which are incorporated 
by reference herein. 

BACKGROUND OF THE INVENTION 

The present invention relates to maps and/or navigation 
and, more particularly, to method(s) and system(s) for illus 
trating routes in images, such as panoramic, Street level view, 
or high-altitude view images, using depth information. 

Navigation applications may be installed in vehicles to 
provide images to passengers or in portable (e.g., handheld) 
devices such as phones, personal digital assistants, or per 
Sonal navigation devices. The navigation application may 
provide images that aid the user in determining current posi 
tion and guiding the user to a destination. In addition the 
images provide information such as points of interest to the 
user. Navigation applications may provide turn by turn direc 
tions in a list or a route drawn on a map. However, challenges 
in providing navigation information still exist. Accordingly, 
improvements and unique ways to provide and display map 
and/or navigation information/features are desired. 

SUMMARY OF THE INVENTION 

According to one aspect, one or more systems, devices, 
and/or methods for three dimensional routing are disclosed. 
For example, one embodiment includes receiving image data 
selected based on a viewer perspective from a memory. The 
image data is correlated with a depthmap generated from an 
optical distancing system and correlated with route data cal 
culated from an origin point to a destination point using a 
geographical database and a routing algorithm. The controller 
compares a first distance, from the viewer perspective to a 
point correlated with the route data, to a second distance, 
derived from the depth map at the point. If the comparison 
indicates that the first distance is closer to the viewer perspec 
tive than the second distance, the controllerinserts at least one 
pixel of a navigation illustration into the image data. The 
image data including the navigation illustration is transmitted 
to or stored in a memory. 

The present invention is defined by the following claims, 
and nothing in this section should be taken as a limitation on 
those claims. Further aspects and advantages of the invention 
are discussed below in conjunction with the preferred 
embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A illustrates an example embodiment of a navigation 
system or map system. 

FIG. 1B illustrates a street level image. 
FIG. 2A illustrates a predetermined camera angle that the 

image was collected. 
FIG. 2B illustrates the collection of optical distance data 

using the optical distancing system. 
FIGS. 3A and 3B illustrate example depthmap grids 
FIGS. 4A and 4B illustrate the determination of depth 

values. 
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2 
FIG. 5A illustrates a street level image for use with a 

navigation system or a map system of FIG. 1. 
FIG. 5B illustrates an elevated image for use with a navi 

gation system or a map system of FIG. 1. 
FIG. 6 illustrates various implementation of a navigation 

illustration. 
FIG. 7 illustrates another implementation of three dimen 

sional routing. 
FIG. 8 illustrates a detailed view of the server of FIG. 1. 
FIG. 9 illustrates a detailed view of the user device of FIG. 

1. 
FIG. 10 illustrates a flowchart for providing three dimen 

Sional routing in an image. 

DETAILED DESCRIPTION OF THE PRESENTLY 
PREFERRED EMBODIMENTS 

Map systems or navigation systems provide users with 
panoramic images, Street level view images, or high-altitude 
images (e.g., Satellite, airplane) for navigation related fea 
tures or map related features for pedestrians. Navigation 
related features include determining an optimum route and 
providing directions (e.g., cues or turns) to travel along a path 
from an original location to a destination location. The path 
may be a road network, a pedestrian pathway network, or an 
indoor walkway network. Navigation related features may be 
provided by mobile devices or stationary devices. 

Navigation related features may involve a computer gen 
erated route illustration in images. The route illustration, 
which may also be referred to as a navigation illustration, is a 
visual cue to the user regarding the path from the original 
location to the destination location that is drawn in the 
images. The images are photographs, collected images, or 
any images not entirely generated by machine. These images 
may be referred to as panoramic images or street level images. 
The route illustration may be a route icon drawn in the image 
on the depiction of the sidewalk, walkway, crosswalk, or 
other path component in the images. The route illustration 
may be an icon Such as a geometric shape, a person, or other 
indicator. The route illustration may move in the direction of 
travel or include an indicator of the direction of movement 
along the path. 
The route illustration may also be drawn to emphasize the 

differences in depth between real world objects in the image. 
The route illustration may be drawn in the image to appear in 
front of one or more objects in the image and/or behind one or 
more objects in the image. The route illustration may be a line 
from one point in the image to another point in the image 
drawn behind or in front of the real world objects in the image. 
The size of the route illustration may be scaled such that the 
route illustration appears Smaller in the background of the 
image and larger in the foreground of the image. The route 
illustration is drawn in the image by correlating the image 
with a depthmap (depth map). 

Depthmaps may be constructed from light detection and 
ranging (LIDAR) data. LIDAR, which may also be referred to 
as three-dimensional laser scanning or an optical distancing 
system, employs one or more lasers or "cameras' to collect 
data points representing an area, such as an area about a road 
or walkway. Software generates the depthmap based on the 
measured distance, the locations of the optical distancing 
system, which may be on a moving platform Such as a car, and 
the angle of the laser. Other optical distancing systems 
include a stereoscopic camera, a time of flight infrared cam 
era, and a structured light device. 
A LIDAR device collects and gathers data points in a point 

cloud in which each data point corresponds to a local coordi 
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nate. Such as (x, y, z). Alternatively, the LIDAR data may be 
a grayscale point cloud including an intensity (indicating 
reflectivity) for each data point, in a predetermined range of 
values (e.g., 0 to 255, 0 to 65536) with black at one end of the 
range and white at the other. The point cloud may be stored in 
ASCII or LIDAR exchange format (e.g., the American Soci 
ety for Photogrammetry and Remote Sensing (ASPRS). LAS 
file format). The one or more lasers may be in a near infrared 
spectrum (such as about 700 nm to about 5000 nm or about 
800 nm to about 2500 nm) or other light spectrum. 

FIG. 1A illustrates a system 150 for three dimensional 
pedestrian routing. The system 150 includes a user device 100 
(e.g., map device, navigation device), a network 110, a server 
120, and a geographic database 130. The geographic database 
130 may be maintained by a map developer, such as NAVTEQ 
North America, LLC located in Chicago, Ill. The map devel 
oper may collect geographic data to generate and enhance the 
geographic database 130. The user device 100 may be a 
cellular telephone (Smartphone), a personal digital assistant 
("PDA), a tablet computer, a laptop, a personal navigation 
device (“PND”), an in-vehicle navigation system, a personal 
computer or another computing device. 
The system 150 receives a depthmap generated from an 

optical distancing system. The depthmap includes depth data 
for each of a plurality of points. The optical distancing system 
may be a LIDAR device, a stereoscopic camera, or a struc 
tured light device. The depthmap is generated from the col 
lected optical distance data. The depthmap may be created 
using any arbitrary viewpoint or perspective. The optical 
distance data is 3D data is easily manipulated to any view 
point or perspective, which is in contrast to a 2D image which 
is valid from a fixed viewpoint. Depthmaps may be generated 
for each image viewpoint and stored in the database 130. The 
depthmap includes position data (X-Y coordinates) and depth 
data (Z coordinate) for each of plurality of points. The depth 
information provides each pixel with a 3D location that cor 
related with the stored image geo-position and orientation 
provides the real-world position of each pixel as a 3D value. 
The system 150 calculates or receives route data for a route 

from an origin point to a destination point. The route data may 
be calculated using the geographical database 130 and any 
routing algorithm. Traditional node-link (or segment) map 
structures and/or open area map structures may be used. 
Routing algorithms include but are not limited to the Dijkstra 
method, an A-star (or A*) algorithm or search, and/or other 
route exploration or calculation algorithms. Various aspects 
(such as distance, costs, and/or restrictions) of the route are 
considered to determine an optimum route. The route data 
includes a series of points locations in a spatial coordinate 
system. 

FIG. 1B illustrates a street level image for three dimen 
sional routing. For example, an image or panoramic image 
may be pixilated raster data in a bitmap, JPEG, GIF, and/or 
other image format. The route 20 traverses a potential pedes 
trian path. Each point along route 20 is referenced to the 
spatial coordinate system. FIG. 1B further illustrates an 
image bubble at a plurality of poses 10a-d. The route 20 is 
projected onto any panoramic image of the image bubble. 
From any pose, the route 20 referenced to the spatial coordi 
nate system aligns with the pixels that make up the sidewalk. 
In other words, the system 150 may automatically draw the 
route 20 into the panoramic images at the correct location 
relative to the image. 

In addition, the system 150 may display the correct scaling 
of the route 20. The precise pose of the image may be used to 
determine the 3D perspective and direction of the objects 
captured in the image. With this pose information, the 3D path 
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4 
may be drawn with the same perspective and orientation Such 
that the path now looks like it is part of the panoramic image. 
The calculation may involve the distance between the viewer 
perspective at the center of the image bubble and the point of 
the route 20 in the spatial coordinate system. Alternatively, 
the calculation may include a 4x4 view and projection matrix 
to transform the 3D path in screen coordinates. The specific 
view and projection matrices are computed from the image 
pose and user settings (such as desired view direction and 
field of view). Therefore, the 3D route may be automatically 
integrated into each image without manually recreating the 
route for each of the panoramic images. 
The image bubbles may be a sphere around a user device 

but could be modeled as any 3D shape. Each image bubble 
defines an image viewable in 360 degrees (or less) a portion at 
a time based on at least one angle (e.g., heading, vertical 
angle). Once the route has been associated with 3D locations 
and stored in the geographic database, the route is combined 
with the image bubble and does not need to be manually 
recreated for Subsequent 2D images. 
The system 150 for three dimensional routing also deter 

mines whether the route is in front of or behind objects in the 
2D image. The objects in the image may include points of 
interest Such as buildings, addresses, location names, store 
fronts, geographical features, signs, or any physical object. 
For example, the system 150 compares a first distance, from 
the viewer perspective to a point correlated with the route 
data, to a second distance, derived from the depth map at the 
point. 

If the comparison indicates that the first distance is closer to 
the viewer perspective than the second distance, then the 
system 150 inserts at least one pixel of a navigation illustra 
tion into the image data. In one example, the image data is 
replaced with another color, brightness, hue, or intensity. As 
the comparison is repeated for several pixels, the system 150 
effectively draws a navigation illustration into the image data. 
The navigation illustration may include a direction compo 
nent and a navigation icon. The image data including the 
navigation illustration is stored in a memory, which may be 
included in server 120, the user device 100, or database 130. 
The computing resources necessary for illustrating depth 

in an image may be divided between the server 120 and the 
user device 100. In some embodiments, the server 120 per 
forms a majority of the processing ("server-based embodi 
ments'). The database 130 stores the depthmap generated 
from an optical distancing system and stores the panoramic 
images, and the server 120 receives the depthmap and the 
panoramic images from the database 130. The server 120 
correlates the depthmap with the image data. The server 120 
calculates or receives three dimensional route data and cor 
relates the route data with the image data. In other words, the 
image data is geo-located and geo-oriented, which allows the 
server 120 to calculate a distance from the viewer perspective 
to the route. The position of the route is compared to other 
objects in the image. 

If the comparison indicates the route data is closer to the 
viewer perspective that objects in the panoramic image, the 
server 120 inserts at least one pixel of a navigation illustration 
into the image data. The navigation illustration may include 
data indicative of the destination of the route. At locations 
where objects in the panoramic image are closer to the viewer 
perspective, no change is made to the panoramic image data. 
Alternatively, the server 120 may draw a dotted line at these 
locations without removing any image data. The server 120 
transmits the modified panoramic image including the navi 
gation illustration to the user device 100. 
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In other embodiments, the user device 100 performs a 
majority of the processing (“user device-based embodi 
ments'). The user device 100 receives a depthmap from the 
server 120. Alternatively, the user device 100 may receive the 
combined depthmap and image from the server 120. The 
image is displayed to a user. The user device 100 may allow 
the user to select an origin point and a destination point, from 
which the three dimensional route data are calculated. 

The user device 100 utilizes the depthmap to determine the 
route visibility and when to draw the route into the image. For 
example, the user device 100 compares the distance from a 
perspective of the image of the object in the image to the 
distance to the route. If the comparison indicates the route 
data is closer to the viewer perspective, the user device 100 
draws a navigation illustration. The navigation illustration 
may include an icon and/or an indication of direction. The 
navigation illustration may move along the route within the 
image. 

For navigation related applications, the user device 100 
may generate a location according to the geographic location 
of the user device 100. The location may be generated using 
positioning circuitry including one or more of a global navi 
gation satellite system based on a satellite signal, a triangu 
lation system that utilizes one or more terrestrial communi 
cation signals, a inertial position system based on sensors 
Such as gyroscopes or accelerometers, and/ora or dead reck 
oning system based on a previously known position. The 
positioning circuitry may also determine an orientation using 
any of the above systems and/or a magnetic sensor Such as a 
compass. The orientation and the location allow the appro 
priate depthmap and panoramic image to be selected based on 
the perspective of the user at the current geographic location 
of the user device 100. 
The network 110 may include any combination of a cellu 

lar network, the Internet, or a local computer network. For 
example, the user device 100 may communicate with the 
network 110 wirelessly though protocols known as Wi-Fi, the 
protocols defined by the IEEE 802.11 standards, the protocols 
defined by the Bluetooth standards, or other protocols. Alter 
natively or in addition, the user device 100 may communicate 
with the network 110 wirelessly as a cellular network such as 
a Global System for Mobile Communication (GSM) or other 
third generation (3G) or fourth generation (4G) networks. 

FIG. 2A illustrates an image 200 for use with system 150. 
The image 200 may depict outdoor environments, as shown, 
indoor environments (e.g., shopping mall, convention center, 
etc.) or hybrid outdoor and indoor environments (e.g., fair 
grounds, amusement park, etc.). Alternatively, the image 200 
may be displayed in an augmented reality system. In the 
augmented reality system, the image 200 is received in real 
time by a camera on the user device 100. The image 200 may 
be a panoramic image, a street level view image, or an 
elevated view image. The image 200 includes objects at a 
plurality of depths. 

FIG. 2A also illustrates a predetermined camera angle that 
the image 200 was collected by a camera 250. The predeter 
mined camera angle may have one, two, or three components 
(e.g., roll, pitch, yaw; heading and Vertical angle) measured 
from any of three coordinate axes. The camera also records its 
specific positional location (e.g. geo-coordinates). The pre 
determined camera angle may be used to align the depth data 
to the panoramic image. The image 200 may be a planar 
image additionally defined by a field of view. Alternatively, 
the camera 250 may be an unknown position and/or orienta 
tion at the time the image 200 was collected. Feature match 
ing may match features in the image 200 to known images in 
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6 
the database 130 in order to determine the position or orien 
tation of the image. The camera 250 may be included in the 
user device 100. 

FIG. 2B illustrates the generation of optical distance data 
using the optical distancing system 350. The optical distanc 
ing system 350 may be a LIDAR device, a stereoscopic cam 
era, a time of flight camera, a structured light device, or 
another device. In the example of a LIDAR device, one or 
more (e.g., 1, 2, 10) lasers rotate about an axis. The optical 
distancing system 350 may be coupled with an inertial mea 
Surement unit (IMU) and/or an inertial navigation system 
(INS) in order to provide a geographic reference to the optical 
distance data. The optical distancing system 350 may be 
coupled with an inertial measurement unit (IMU) to associate 
the optical distance data with the geo-located position of the 
optical distancing system 350. FIG. 2B illustrates one such 
plane including laser paths 301 and depth points 303. The 
optical distancing system 350 measures the distance from the 
optical distancing system 350 to the various objects. In 
another example, the structured light device emits light onto 
objects and a camera captures images the structured light to 
determine distance based on the shape of the light in the 
captured images. The structured light may be infrared light or 
another light spectrum not visible to humans. 
The depthmap data is aligned with the perspective of cam 

era 250. It should be noted that the optical distancing data 
may be received from any angle. However, at other angles, the 
optical distancing data may be manipulated to form depthmap 
data. The collected optical distance data may be true 3D data 
points. Because of the 3D nature of the points (as opposed to 
2D image pixels), the data may be viewed from any angle. 
Therefore, a “virtual camera viewpoint of the 3D data may be 
simulated. In contrast, the camera capture of the image 200 is 
fixed based on the 2D image data, a camera view direction and 
a camera origin position or geo-location. For example, the 
virtual camera viewpoint is simulated by creating a view of 
the 3D data from the same viewpoint as that of the 2D color 
image by projecting the 3D points onto the camera viewplane. 
The distance of the 3D point from the camera is saved to 
generate a depthmap image Such that each RGB color pixel of 
the original image has a direct mapping to a value in the 
depthmap that represents the distance of the pixel from the 
camera. The optical distance data, which may be referred to as 
3D scan data, is correlated with the collected image (e.g., 
panoramic image, Street level image). 

FIGS. 3A and 3B illustrate two example depthmap grids 
500. Each cell 501 in the depthmap grid 500 spans multiple 
pixel locations. The depth data is displayed as a grid for 
demonstration purposes. However, each pixel may specify a 
unique depth value determined from the 3D sensor data 
points. Likewise, depth figures may be demonstrated by dis 
crete depth values while in reality, these values may include a 
nearly continuous range of depth distances. 

Generally, a depthmap is described as an image containing 
pixels that store depth values rather than RGB (red, green, 
blue) values. However, there are alternative mechanisms for 
storing and retrieving depth information. One mechanism for 
associating an image pixel with a depth value includes storing 
raw 3D points. An alternative mechanism includes pre-gen 
erating depth values for each image pixel and storing the 
depthmap as an image alongside the original color image. 
Another alternative mechanism includes converting the 
depthmap image pixels to a vector, polygon, or mesh based 
mapping to save memory space. The image may be converted 
to one of these vector/polygon/mesh representations by 
detecting approximate edges and gradients in the depth 
image. This storage model may be more efficient for storage 
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and delivery due to smaller memory requirements. FIGS. 3A 
and 3B illustrate a mesh type depth map storage model. 

FIGS. 4A and 4B illustrate the calculation of image 
mapped depth values from a pre-generated depthmap. FIG. 
4A illustrates a first cross section A-A of the image 200, 
which corresponds to a second cross section B-B in the depth 
map grid 500. The C-C cross section plane or top down view 
600 in FIG. 4A shows the depth values are defined to corre 
spond to the sign 207, house 201, and tree 203. The depth map 
cross section C-C indicates that the house 201 is the furthest 
from the camera while the sign 207 is the closest. FIG. 4B 
illustrates a first cross section A-A of the image 200, which 
corresponds to a second cross section B-B in the depthmap 
grid 500. The C-C cross section plane or top down view 600 
in FIG. 4B shows the depth values are defined to correspond 
to the sign 207 and the wall 205. 

FIG. 5A illustrates a street level image for use with the 
system 150 of FIG.1. The image could be from any perspec 
tive including elevated view, street level, or any other view 
with depth. A street level view may be preferred by the user to 
most closely simulate the real worldview has the user follows 
the route. The street level view image of FIG. 5A includes 
objects including trees 604, and a navigation illustration 605. 
The route 550 may be shown as part of the navigation illus 
tration 605 or it may be omitted. The elevated view image of 
FIG. 5B illustrates an elevated view image for use with the 
system 150 of FIG. 1. The elevated view image of FIG. 5B 
includes several objects including a sidewalk 601, several 
buildings 602a-c, a sign 603, and a tree 604. 

The views of FIG. 5A and Figure B include three dimen 
sional routing. The image is combined with navigation illus 
tration 605 to illustrate the route between the origin point and 
the destination point, which may be outside of the image. The 
navigation illustration 605 includes a navigation icon and/or 
a line. The navigation icon may move within the image along 
the route in the direction of travel. Rather than simply draw 
ing the navigation illustration 605 on top of the image, the 
server 120 or user device 100 utilizes the depth map values to 
draw the navigation illustration 605 in front of or behind 
objects in the image. For example, the navigation illustration 
605 appears behind a portion of building 602b and sign 603 
and in front of sidewalk 601. In addition, the navigation 
illustration 605 may include a faded line or a dotted line 607, 
for example, which is shown as the navigation illustration 605 
passes behind the tree 604. 
The size of the navigation illustration 605 may also be 

scaled to show depth. For each point along the route in the 
image, the server 120 or the user device 100 determines how 
far into the image the navigation illustration 605 be drawn 
based on the associated depth map value. For example, the 
portions of the navigation illustration 605 in front of building 
602c are drawn larger than the portion of the navigation 
illustration 605 behind the building 602b. Each navigation 
icon that makes up the navigation illustration 605 may be 
defined by a scale factor. The scalefactor may be proportional 
to the depth value associated with that location in the image. 
In other words, the navigation illustration 605 may comprise 
a plurality of navigation icons at a plurality of sizes dependent 
on the depth of the route data in the panoramic image. An 
example scaling function may be inversely proportional to 
distance (e.g., X, X/D, wherein X is a scaled size, X, is a 
reference size, and D is a distance). The Scaling function may 
be performed by a perspective matrix (e.g., 4x4 matrix). In 
Some implementations, large depth values correspond to far 
ther in the background of the image, and in other implemen 
tations, large depth values correspond to closer in the fore 
ground of the image. 
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8 
FIG. 6 illustrates various implementations of navigation 

icons of the navigation illustration 605. The navigation icon 
may be any shape, such as a disc or oval navigation icon 605a 
or a star 605b. The navigation icon may simulate walking 
such as human shaped navigation icons 605c and 605d. The 
human shaped navigation icons 605c and 605d. Each portion 
of a route (e.g., a range of addresses, a city block, a street, a 
town) may be associated with a different icon or graphic. 

FIG. 7 illustrates another implementation of three dimen 
sional routing. The navigation illustration includes the human 
shaped navigation icon 605d. The navigation illustration 
includes an indication of the direction of the route. The indi 
cation of direction may be shown by a moving navigation 
illustration. For example, the navigation icons 605d may be 
continuously redrawn to show movement along the route. 
Alternatively, the indication of direction may be an arrow 
6O7. 

FIG. 8 illustrates a detailed view of the server 120 of FIG. 
1. The server 120 includes a server controller 500, a memory 
501, and a communication interface 505. The database 130 
may be external or internal to the server 120. In the server 
based embodiments, the server 120 is an apparatus for pro 
viding three dimensional routing in a panoramic image. FIG. 
9 illustrates a detailed view of user device 100 of FIG.1. In the 
user device-based embodiments, the user device 100 is an 
apparatus for providing for three dimensional routing in a 
panoramic image. The user device 100 includes a user device 
controller 910, a memory 901, a communication interface 
905, and position circuitry 907. The user device 100 may also 
include a user input device 903, a media input device 909, and 
a display 911. 

In the server-based embodiments, the database 130 stores 
three dimensional geographic data correlated with route data 
calculated from an origin point to a destination point. The 
route data may be determined by any routing algorithm either 
by server controller 500 or externally. The route data may be 
derived from node-segment map data. The node-segment 
map data includes nodes, which represent intersections or 
intersection points, and links or path segments, which con 
nect the nodes. The node-segment map data is stored in a 
geographic database (e.g., database 130) in a spatial format 
(e.g., Oracle spatial format), which is maintained by the map 
developer and compiled into a delivery format (e.g., geo 
graphical data file (GDF) format). 
The routing algorithm may be based on a Dijkstra method, 

an A-star algorithm or search, and/or other route exploration 
or calculation algorithms. Various aspects, such as distance, 
non-navigable areas, costs, and/or restrictions, are considered 
to determine an optimum route. The routing algorithm may be 
specific to pedestrian routing. The routing algorithm may 
ranklinks or segments according to Suitability for traversal by 
pedestrians. For example, links or segments may be classified 
according to a plurality of pedestrian modes, including walk 
ing, bicycle, and wheelchair. The routing algorithm may 
include interactive user editing or creatingapath on top of the 
panoramic images using depthmaps for picking 3D locations. 
In this way, the user may create pedestrian routes in Street 
level view or elevated view, rather than a typical top-down 
view. 
The server controller 500 is configured to select a pan 

oramic image according to a user input. The user input 
includes one or more of a specified position, aheading, and a 
Vertical angle. The user input may be received at user device 
100 or based on the detected location of the user device 100. 
The server controller 500 identifies where the route data 

intersects the panoramic image. The three dimensional points 
of the route data are calculated from the routing algorithm. 
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The three dimensional points of the route data are correlated 
to the panoramic image using the image bubble from the 
specified position, heading, and/or vertical angle. 
The server controller 500 determines where in the pan 

oramic image the route should be drawn unimpeded and 
where objects in the panoramic image should block the route 
using depth values from the depth map. The server controller 
500 identifies depth values in the depth map associated with 
points along the route. When a distance from the a viewer 
perspective to the route data indicates a closer distance than 
the depth value from the depth map, the server controller 500 
inserts a navigation illustration 605 in the panoramic image. 
When the distance to the route data indicates a farther dis 
tance than the depth value from the depth map, the server 
controller 500 does not change the panoramic image, or 
changes the panoramic image to a lesser degree. 
As discussed above, the apparatus for providing three 

dimensional routing in a panoramic image may operate with 
or without position data for the current location of the user 
device 100. When the position data is used in the server-based 
embodiments, the position circuitry 907 determines a current 
geographic position of the user device 100 and the commu 
nication interface 905 sends the current geographic position 
to the server 120. When the position data is used in the 
user-device based embodiments, the position circuitry 907 
determines location data including the position and/or the 
orientation of the user device 100. The location data may be 
generated using one or more of a global navigation satellite 
system based on a satellite signal (Such as Global Positioning 
System (GPS), the Russian GLONASS or European Galileo), 
a triangulation system that utilizes one or more terrestrial 
communication signals, a inertial position system based on 
relative position sensors such as gyroscopes, accelerometers, 
and altimeters, and/or a or dead reckoning system based on a 
previously known position. The orientation may be deter 
mined using any of the above systems and/or a magnetic 
sensor Such as a compass or a three dimensional magnetic 
sensor array. Magnetic sensors determine the direction and or 
strength of a magnetic field and can be used to determine 
heading or orientation. Inertial sensors such as accelerom 
eters and gyroscopes measure acceleration, which can be 
used to calculate position, orientation, and Velocity (direction 
and speed of movement) of the user device 100. The location 
and/or orientation data may be used to select the depthmap 
500 and the panoramic image 200 from the database 130. 

In the user device-based embodiments, the memory 901 is 
configured to store the depthmap correlated with the pan 
oramic image. The depthmap is generated from the optical 
distancing system 350 and includes depth data for each of the 
plurality of pixels. The user device controller 910 is config 
ured to receive image data selected based on a viewer per 
spective of the panoramic image and correlate the image data 
with route data calculated from an origin point to a destination 
point. 
The user device controller910 calculates data indicative of 

a distance from the viewer perspective to a selected point 
correlated with the route data to determine a route depth (first 
distance). The user device controller910 calculates a distance 
derived from the depth map at the selected point to determine 
an object depth (second distance). The user device controller 
910 compares the route depth to the object depth, and if the 
comparison indicates that the first distance is closer to the 
viewer perspective than the second distance, then the user 
device controller 910 inserts at least one pixel of a navigation 
illustration into the image data. If the comparison indicates 
that the second distance is closer than the first distance (i.e., 
the location of an object in the panoramic image is closer to 
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10 
the viewer perspective), then the user device controller 910 
inserts at least one pixel of a line representing the route data. 
The user device controller910 or servercontroller 500 may 

include a general processor, digital signal processor, an appli 
cation specific integrated circuit (ASIC), field programmable 
gate array, analog circuit, digital circuit, combinations 
thereof, or other now known or later developed processor. The 
user device controller 910 or server controller 500 may be a 
single device or combinations of devices, such as associated 
with a network, distributed processing, or cloud computing. 
The memories 501, 901 may be a volatile memory or a 

non-volatile memory. The memory 501, 901 may include one 
or more of a read only memory (ROM), random access 
memory (RAM), a flash memory, an electronic erasable pro 
gram read only memory (EEPROM), or other type of 
memory. The memory 501, 901 may be removable from the 
user device 100, such as a secure digital (SD) memory card. 
The communication interfaces 505,905 may include any 

operable connection. An operable connection may be one in 
which signals, physical communications, and/or logical com 
munications may be sent and/or received. An operable con 
nection may include a physical interface, an electrical inter 
face, and/or a data interface. The communication interfaces 
505,905 provides for wireless and/or wired communications 
in any now known or later developed format. 
The user input device 903 includes one or more buttons, 

keypad, keyboard, mouse, stylist pen, trackball, rocker 
Switch, touchpad, Voice recognition circuit, or other device or 
component for inputting data to the user device 100. The user 
input device 903 and the display 911 may be combined as a 
touch screen, which may be capacitive or resistive. The dis 
play 911 may be a liquid crystal display (LCD) panel, light 
emitting diode (LED) screen, thin film transistor Screen, or 
another type of display. 

In an alternative embodiment, the user device 100 may 
omit the position circuitry 907 or prevent use of the position 
circuitry 907. In this alternative embodiment, the user device 
100 may be a personal computer, which encompasses laptops 
and other mobile processing platforms. 

FIG. 10 illustrates a flowchart for an algorithm for three 
dimensional routing in an image, which may include provid 
ing a depth feedback or a visual cue within the image. Fewer, 
more, or different steps or acts may be provided, and a com 
bination of steps may be provided. Also, the steps or acts may 
be performed in the order as shown or in a different order. The 
method is implemented by the system and/or devices 
described herein or by different devices or systems. Further 
more, other methods, such as a method of calculating a route 
(or data thereof) or routing to a destination, may be provided 
based on the disclosure herein. 
At S101, the controller receives or selects a panoramic 

image including image data. The panoramic image may be 
derived from a photograph. The panoramic image may be 
derived from an image bubble selected based on a geographic 
location. The geographic location may be the detected loca 
tion of the user device 100 or the geographic location may be 
determined by inputting a location into a mapping applica 
tion. The panoramic image may be a projection of a portion of 
the image bubble on a two dimensional plane based on the 
geographic location and at least one angle. The at least one 
angle may include a heading and/or a vertical angle. 
At S103, the controller correlates the image data with a 

depthmap previously generated from the optical distancing 
system 350 and stored in memory 501 or memory 901. The 
depthmap was generated from collected optical distance data 
in the physical world and describes distances to objects in the 
physical world from the optical distancing system 350 and the 
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time of collection. The distances may be measured by time of 
flight (laser, infrared), structured light, or a stereoscopic cam 
Ca. 

At S105, the controller correlates the image data of the 
panoramic image with route data calculated from an origin 
point to a destination point. The routing algorithm defines the 
route data in a three dimensional space. After S103, which 
correlates the image data with a depth map, each point in the 
image data is associated with the same three dimensional 
space. Accordingly, any portion of the route from the origin 
point to the destination point that falls within the panoramic 
image can be determined by the controller. 

At S107, the controller transmits the panoramic image 
including a navigation illustration based on the route data to a 
memory, such as the memory 501 and/or the memory 901. 
The panoramic image including the navigation illustration 
may also be transmitted to a display 911 or an external device. 
The controller compares depth values associated with the 
image data with the three dimensional coordinates of the 
route data. If the comparison indicates the route data is closer 
to the foreground of the image, the controller inserts at least 
one pixel of a navigation illustration into the image data. If the 
comparison indicates the depth values associated with other 
objects in the panoramic image are closer to the foreground of 
the image, the controller leaves the image data unchanged. 
Alternatively, the controller may modify the image data to 
show a dashed line across the objects when the route is behind 
the objects. The controller may select a navigation illustration 
from a library of navigation illustrations stored in memory 
501 or memory 901. The library of navigation illustrations 
may be indexed by geographic coordinates, other location 
information, navigation attributes, or another logical organi 
Zation. 
The controller may repeat S107 to simulate movement of 

the navigation illustration. For example, the controller may 
redraw the navigation illustration at a second point along the 
route defined by the route data. The second point may be a 
predetermined number of pixels from the first point along the 
route data. 
The controller may repeat S107 to change the navigation 

illustration along the route. The navigation illustration may 
be determined by the destination point of the route. The 
navigation illustration may be specified by the user Such as an 
icon selected by the user input device 903. The navigation 
illustration may be specified by collected characteristics of 
the user Such as browser history or navigation history. In one 
alternative, the navigation illustration may be determined 
based on a particular link or segment. 

In another alternative, the depth map information may be 
used by the routing algorithm. For example, the path of the 3D 
route may be a function of the depth values. For example, the 
spatial coordinate system used to calculate the 3D route may 
not include some objects that were detected by the optical 
distancing system 350 and included in the depth map. The 
server 120 or user device 100 may identify a potential colli 
sion between the 3D route and the depth values from the 
depthmap. In this case, the routing algorithm may be config 
ured to select an alternate route based on potential collision 
with local obstacles that not stored in the map database. 

In another alternative, the server 120 or user device 100 
may determine from the depth map values whether there is 
line of sight between the user device 100 and an object in the 
image (e.g., an entrance to a building). Text or voice based 
turn-by-turn instructions may be altered based on the exist 
ence of line of sight (e.g., indicate to the user that their 
destination is visible from their current location). The instruc 
tions may also indicate whether the person should be in an 
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12 
open area (not near any depth obstructions), or passing nearby 
objects (depth of path passes close to depth in image depth 
map). 
The embodiments described above may be combined with 

systems and method for emphasizing objects in images as 
described in copending application “REIMAGING BASED 
ON DEPTHMAP INFORMATION” by James D. Lynch, 
filed Oct. 21, 2011 (Ser. No. 13/278.499), which is incorpo 
rated by reference in its entirety. The embodiments described 
above may also be combined with the systems and method for 
illustrating depth in a panoramic image or other images as 
described in copending application “DEPTHCURSORAND 
DEPTH MEASUREMENT IN IMAGES” By James D. 
Lynch, filed Oct. 21, 2011 (Ser. No. 13/278.512), which in 
incorporated by reference in its entirety. 
The embodiments described above may be implemented 

using computer executable instructions stored in the memory 
501 and/or the memory 901, which are non-transitory. The 
processors may execute computer executable instructions. 
The computer executable instructions may be written in any 
computer language. Such as C++, C#, Java, Pascal, Visual 
Basic, Perl, HyperTextMarkup Language (HTML), JavaS 
cript, assembly language, extensible markup language 
(XML), graphics languages such as WebGL and OpenGL. 
and shading languages such as OpenGL Shading Language 
(GLSL) and High Level Shading Language (HLSL), and any 
combination thereof. 
The computer executable instructions may be logic 

encoded in one or more tangible media or one or more non 
transitory tangible media for execution by the processors. 
Logic encoded in one or more tangible media for execution 
may be defined as instructions that are executable by the 
processors and that are provided on the computer-readable 
storage media, memories, or a combination thereof. Instruc 
tions for instructing a network device may be stored on any 
logic. As used herein, “logic', includes but is not limited to 
hardware, firmware, Software in execution on a machine, 
and/or combinations of each to perform a function(s) or an 
action(s), and/or to cause a function or action from another 
logic, method, and/or system. Logic may include, for 
example, a software controlled microprocessor, an ASIC, an 
analog circuit, a digital circuit, a programmed logic device, 
and a memory device containing instructions. 
The computer readable instructions may be stored on any 

non-transitory computer readable medium. A non-transitory 
computer readable medium may include, but are not limited 
to, a floppy disk, a hard disk, an ASIC, a compact disk, other 
optical medium, a random access memory (RAM), a read 
only memory (ROM), a memory chip or card, a memory Stick, 
and other media from which a computer, a processor or other 
electronic device can read. 
As used herein, the phrases "in communication' and 

“couple are defined to mean directly connected to or indi 
rectly connected through one or more intermediate compo 
nents. Such intermediate components may include both hard 
ware and Software based components. 

Various embodiments described herein can be used alone 
or in combination with one another. The foregoing detailed 
description has described only a few of the many possible 
implementations of the present invention. It is intended that 
the foregoing detailed description be regarded as illustrative 
rather than limiting and that it is understood that the following 
claims including all equivalents are intended to define the 
Scope of the invention. 
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I claim: 
1. A method comprising: 
receiving, from a memory, image data selected based on a 

viewer perspective; 
correlating the image data with a depthmap generated from 

an optical distancing system; 
correlating the image data with pedestrian route data cal 

culated for a pedestrian route from an origin point to a 
destination point using a geographical database; 

comparing, with a controller, a first distance from the 
viewer perspective to a point correlated with the pedes 
trian route data to a second distance derived from the 
depth map at the point: 

if the comparison indicates that the first distance is closer to 
the viewer perspective than the second distance, then 
inserting at least one pixel of a navigation illustration 
into the image data along the pedestrian route; and 

repeating comparing the first distance and the second dis 
tance inserting at least one pixel of the navigation illus 
tration into the image data at a plurality of subsequent 
pixel locations to draw a navigation icon. 

2. The method of claim 1, wherein the pedestrian route data 
includes at least one segment designated as a pedestrian path. 

3. The method of claim 1, wherein the navigation illustra 
tion comprises an indication of direction. 

4. The method of claim 1, 
wherein the navigation icon is redrawn to simulate move 

ment along a route defined by the pedestrian route data 
from the origin point to the destination point. 

5. The method of claim 1, further comprising: 
Selecting the navigation illustration from a library of navi 

gation illustrations stored in the memory based on the 
origin point or the destination point. 

6. The method of claim 1, further comprising: 
identifying the origin point based on a location of a mobile 

device including the controller. 
7. The method of claim 1, further comprising: 
if the comparison indicates that the first distance is farther 

from the viewer perspective than the second distance, 
then inserting at least one pixel of a line representing the 
route data without removing any image data. 

8. The method of claim 1, further comprising: 
Selecting the pedestrian route data according to at least one 

pedestrian accessibility mode. 
9. The method of claim 1, wherein the optical distancing 

System is a light detection and ranging (LIDAR) system. 
10. The method of claim 1, wherein the optical distancing 

system emits structured infrared light. 
11. An apparatus comprising: 
a memory configured to store three dimensional geo 

graphic data correlated with pedestrian route data calcu 
lated from an origin point to a destination point; and 

a controller configured to select an image correlated with a 
depth map and compare depth values for multiple pixel 
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locations to a distance from a viewer perspective to the 
route data, wherein the controller is configured to insert 
a navigation illustration in the image at pixel locations 
where the depth values indicate that the pedestrian route 
data is closer than objects associated with the depth 
values. 

12. The apparatus of claim 11, wherein the navigation 
illustration comprises an icon. 

13. The apparatus of claim 11, wherein the navigation 
illustration comprises an indication of direction from the 
origin point to the destination point. 

14. The apparatus of claim 11, further comprising: 
position circuitry configured to generate the origin point 

based on a location of the apparatus. 
15. The apparatus of claim 11, wherein the pedestrian route 

data is selected according to a pedestrian mode. 
16. The apparatus of claim 11, wherein the optical distanc 

ing system is a light detection and ranging (LIDAR) system or 
a system that emits structured infrared light. 

17. A non-transitory computer readable medium having 
stored thereon a computer program configured to provide 
three dimensional routing in a panoramic image, the program 
comprising instructions to: 

receive the panoramic image including image data from a 
memory; 

correlate, with a controller, the image data with a depthmap 
generated from an optical distancing system; 

correlate, with the controller, the image data with pedes 
trian route data calculated from an origin point to a 
destination point using a geographical database; 

transmit the panoramic image including a navigation illus 
tration based on the pedestrian route data; 

compare, with the controller, a first distance to a second 
distance, wherein the first distance is from a viewer 
perspective to a point correlated with the pedestrian 
route data, and the second distance is derived from the 
depth map at the point: 

if the comparison indicates the route data is closer to the 
viewer perspective, then inserting a navigation icon into 
the image data; and 

if the comparison indicates an object in the panoramic 
image is closer to the viewer perspective, then inserting 
a dotted line into the image data. 

18.The non-transitory computer readable medium of claim 
17, wherein the pedestrian route data is selected according to 
a pedestrian mode. 

19. The non-transitory computer readable medium of claim 
17, wherein the optical distancing system is a light detection 
and ranging (LIDAR) system or a system that emits struc 
tured infrared light. 

20. The method of claim 1, wherein the navigation illus 
tration is defined by a scale factor proportional to the second 
distance derived from the depth map. 
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